Abstract. -In order to perform multi-photon ionization experiments at a particular light intensity, the AC Stark-shift of the xenon 6s level is used as a probe to select that intensity from the range of intensities present in the laser focus. Our analysis provides an accurate, wide-range distribution function of the intensities in our multi-mode laser pulses. Using this method we determined the real order of non-linearity of the resonant ionization process and the probability for additional photon absorption.
1. Introduction. -A well-known problem in multi-photon ionization (MPI) studies is the impossibility to create experimentally a homogeneous light intensity in order to perform measurements under well defined conditions. In most of the work in this field only average or peak intensities are quoted. Here we present a new solution to this problem. Although only applicable in resonant multi-photon ionization studies it even permits the use of multi-mode laser pulses.
2. Experimental. -The experiment is done with a Nd-Yag pumped dye laser and an electron spectrometer of novel design (Kruit and Read, 1982) . The dye laser produces 6 nsec pulses of 0.1-1.0 mJ in the A = 410-450 nm region, which are focussed by a f = 8.5 mm aspherical lens to a diameter of about 10 urn in target gas pressures of 10" 6 -10" 2 Pa. The multi-photon electrons are energy analyzed on the basis of their T.O.F. over a 50 cm long flight path. By using a magnetic field that diverges from 1 T in the ionization region to 10" 3 T in the flight tube, the electrons are parallelized and 502 of all the electrons are accepted.
3. Analysis and results. -In fig.l we show an electron energy spectrum arising from M.P.I, of Xe via a 3 photon resonance (6s) at A = 440.5 nm. The peaks at 0.6 and 1.9 eV arise from 5 PI to the Pl/2 and P3/2 continuum, the peaks at 3.4 and 4.7 eV show additional (5+1) photon absorption. Fig.2 shows a simultaneous wavelength scan for the 5 PI signal and the (5+1) PI signal respectively. The fact that at only one side of the resonance level ionization signal is observed indicates the non-resonant signal is zero and that the resonance level is subject to an A.C. Stark shift (see also Delone et al. and Kruit et al.) . This shift of the resonance level is in first order approximation proportional to the field intensity:
(1) Under certain assumptions, which will be described elsewhere, (Kruit et al. 1982 formed i n t h a t region o f space and time, where t h e l o c a l i n t e n s i t y I i s such t h a t the instantaneous value o f the AC Stark s h i f t has made t h e intermediate s t a t e resonant. Therefore t h e detuning i s a measure f o r t h e i n t e n s i t y a t which the e x c i t a t i o n takes place.
Our whole analysis i s based on t h e assumption t h a t i o n i z a t i o n o u t o f the e x c i t e d s t a t e occurs i n a t i m e s h o r t compared t o f l u c t u a t i o n s i n t h e i n t e n s i t y . Only then the i o n i z a t i o n s i g n a l $(x,F) a t t o t a l energy i n the pulse F can be connected t o t h e i o n i z a t i o n r a t e W(1) a t one detuning selected i n t e n s i t y I = A h l a and t h e space-time volume P(1,F)dI i n which t h e i n t e n s i t y i s between I and I + d I :
A proof f o r t h i s assumption i s r e f l e c t e d i n fig.3 , where we p l o t t e d t h e r a t i o between (5+1) P I and 5 P I as a f u n c t i o n o f detuning.
I n order t o f i n d t h e i n t e n s i t y dependence o f t h e i o n i z a t i o n r a t e and t h e i n t e n s i t y d i s t r i b u t i o n i n our l a s e r focus, we measured S(A,F) f o r a range o f values o f F and 1. To combine measurements a t d i f f e r e n t F ' s i n one d i s t r i b u t i o n f u n c t i o n we need an a d d i t i o n a l assumption which concerns t h e 1 i n e a r s c a l i n g o f t h e i n t e n s i t y w i t h t o t a l
pulse energy a t any p o i n t i n space and time: i .e. -a Ct e n s i t y and we observe a 1 i n e a r dependence as a f u n c t i o n o f detuning, the conclusion can be drawn t h a t detuning i s couplet t o i n t e n s i t y and t h a t the a d d i t i o n a l photon t r a n s i t i o n occurs a t t h e same i n t e n s i t y selected i n the exc i t a t i o n process. When we combine t h i s r e s u l t w i t h a r ecent c a l c u l a t i o n o f M. Aymar on the AC This assumption seems reasonable considering our method of changing the pulse energy, which i s t o rotate the linear polarization in front of a polarizer. Substituting equation (3) in (2) we derive:
I f one plots 1ogCF.SI versus AX/F f o r each value of AX one obtains a series of line elements, each representing a part of the distribution function P. A smooth and continuous function P can be constructed by a proper choice of W a t each AX. Figure 4 shows the best f i t for P(I ,F) f o r our data. The values of W(1) obtained from the f i t of figure 4 are plotted i n figure 5 and represent the rate of the 5 PI process as a function of the true l i g h t intensity. N E w = . w l = 3.0 +0.2 4. Conclusion. -The essence of our analysis i s that we take the derivative of log W(1) versus log I and not, as i s often seen i n l i t e r a t u r e , the derivative of log S(A,F) with respect t o log F which would only give information about the d i s t r ibution function P .
